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Drivers for eco-innovation: an exploratory study in 
Spain  
Abstract: The authors study the determinants of the 
behaviour of protection of the innovations through green 
patents, as an approximation of eco-innovative profile in 
firms. To this end, a large sample of firms from three regions 
in Spain is analysed through a binomial logit model. The 
authors find that age, size and financial performance 
significantly affect the choice of having green patents as eco-
innovative conduct in firms. They also find that the sector of 
activity and the legal structure of firms are related with the 
choice of having, or not having, green patents to protect the 
innovations. Implications are explored for policy makers 
promoting the green patents registration and for practitioners 
introducing environmental improvement in the innovation 
processes. 
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Technological innovation is unquestionably the most promising road to sustainability (Ehrenfeld, 2005). In 
terms of industrial practice, improvements in processes, products and services have gradually moved towards 
greater efficiency in the use of resources and reducing environmental impact on innovation investments – 
hence the increase in eco-innovative progress, which is defined here as the process of developing new ideas, 
conduct, products and processes that help to reduce burdens or attain environmental objectives (Rennings, 
2000). 
Nevertheless, in the innovation management field, the number of scholars who conduct research dedicated to 
new products/services or the development of green innovations is still limited (Schiederig et al., 2012).  
The literature contains definitions of eco-innovation that differ but have a common basis, emphasising the 
various aspects of the term. Carrillo-Hermosilla et al. (2010) and Andersen (2010) define eco-innovation as 
innovation that is capable of attracting green returns. In contrast, according to Kemp and Pearson (2008), eco-
innovation is the production, assimilation or exploitation of a product, production process, service or business 
method that is novel for that organisation, the result of which is a reduction in environmental risk, pollution 
and other negative effects caused by the intensive use of resources. In other words, these innovations pursue an 
environmental benefit as opposed to other goals (Horbach et al., 2012) and are based on and pursue eco-
efficiency (Scarpellini et al., 2012); the term “innovation” is applied in a broad sense, as defined by the Oslo 
Manual (OECD, 2005). 
The implementation of eco-innovation in firms and the selection of optimal investment alternatives nonetheless 
require different criteria and perspectives to be considered, according to the needs of those involved in the 
process. Stakeholder theory emphasises the importance of stakeholders for a firm’s environmental performance 
(Henriques and Sadorsky, 1999; Sharma and Henriques, 2005). The stakeholder’s influence on the 
organisation’s activities is related to proactivity (local community) (Cousar and Huff, 2011) or channelling 
resources towards investments with a lower degree of uncertainty (suppliers of financial resources). On the 
other hand, agency theory (Jensen and Meckling, 1976) hypothesises that the risk associated with these types 
of investment can affect the type of resources chosen to finance them (O´Brien, 2003), because if the risk and 
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effort associated with such investments is not rewarded, managers will allocate resources to alternatives with 
less uncertainty, thus sacrificing better long-term results. 
Therefore, firms are still interested in proposals that aim for the “three dimensions of returns” (ecological 
security, security in resource provision and socioeconomic security) proposed by Fussler and James (1999), 
and are also interested in finding the balance between economic efficiency and social welfare considered by 
Kenji-Kondo (2001), analysing environmental factors that are external to the process (De Burgos and 
Cespedes, 2001) and searching for “triple bottom line accounting” equilibrium (Elkington, 1998), which 
includes ecologic and social data in traditional financial accounting provided by firms. 
Over the last ten years there has been a shift in the paradigm in favour of sustainable growth based on 
innovation and more efficient resource administration. In 2010, the European Commission itself adopted the 
Europe 2020 Strategy, the initiatives of which include the effective use of resources and innovation-based 
growth (European Commission, 2010). These initiatives recognise the important function of eco-innovation in 
helping firms attain environmental targets through innovation. However, in the EU, the problems associated 
with financial constraints represent a barrier to the rapid internal or external, public or private development of 
eco-innovation (European Commission, 2011). 
Spain holds 9th position on the EU Eco-innovation Scoreboard, according to the EU Eco-innovation 
observatory (Léger, 2015), close behind countries such as UK and Italy, and above the European average (EU-
28). Concerning eco-innovation in firms, however, Spain’s score is substantially lower, which indicates a low 
R&D intensity (Valero-Gil et al., 2017). In facts, at present, Spain remains labelled as only ‘moderately 
innovative’ within the framework of the EU (European Commission, 2016). Thus, the study of the issue of 
eco-innovation drivers for Spanish business is interesting to foment national and international patents, which is 
regarded as a crucial factor if firms are to improve their resources for eco-innovation (Aragón-Correa and 
Leyva-de la Hiz, 2015). 
In Spain, the debate on the utilisation of innovation, and how it strengthens firms’ competitiveness, has been 
promoted over the last few years by processes such as market internationalisation, consumption fragmentation, 
the growth of emerging economies and the international financial crisis. However, there are still barriers that 
limit the development of innovative products, processes and services in firms, particularly in small- and 
medium-sized enterprises (SMEs). Furthermore, the benefit provided by eco-innovation is not always evident 
in the analysis of investment projects. 
Different works have stressed the relationship between innovation, eco-innovation and patents (Arundel and 
Kabla, 1998; Kemp and Oltra, 2011; Kemp and Pearson, 2008; Lanjouw and Schankerman, 2004) and, 
therefore, environmental patents can be considered a good proxy for eco-innovation, which is traditionally 
found in developed countries, especially the USA, Germany and Japan (Dechezleprêtre et al., 2013; Durán-
Romero and Urraca-Ruiz, 2015). However, other European countries, such as Spain, in which the number of 
patents per capita (EPO, 2015) is traditionally low, constitute an interesting aspect in the study of 
environmental patents (OECD, 2013). 
The use of green patents as a proxy for eco-innovation is an objective criterion for selecting firms which have 
generated environmental innovations. This is a preferable alternative to subjective criteria that are based on a 
detailed examination of eco-innovative investment. With our criterion, we can isolate registered and accredited 
innovations which aim to improve the environment and which fall within the definition of eco-innovation used 
for this study. 
The objective of this study is therefore to learn more about the characteristics of the firms that implement eco-
innovation, as identified through the environmental patents – that is, those firms which have been defined as 
“green or sustainable” by the International Classification of Patents (ICP) – in order to define the factors 
related to eco-innovative habits in firms from three regions in Spain. 
In particular, this study provides an economic-financial analysis of firms in the sectors that have more 
opportunities for eco-innovation and the most important explanatory factors in firms involved in patented eco-
innovation. 
The main aim of this analysis is to understand the reasons behind the commitment to eco-innovation, as 
measured by company possession of "green patents". The results obtained provide a basis for local or national 
policy markets; these results also provide tools that can be used in the implementation of policies aimed at 
fostering the development of patents and the dissemination of a green innovation/invention culture among 
those firms which have to date not been greatly involved in this activity, if at all, and to encourage those that 
have even further. 
With this objective in mind, the following section will analyse previous literature and the state of the question, 
while the third section will describe our methodology, the sample and the variables. The fourth section defines 
the profile of the firms included in the sample, discusses the results and presents the main conclusions. 
 
Portillo-Tarragona, P.; Scarpellini, S.; Marín-Vinuesa, L.M. (2019). Drivers for eco-innovation in firms: an 
exploratory study in Spain. International Journal of Business and Globalisation, 22 (4), 618-637, DOI: 
10.1504/IJBG.2019.100253 
2 Literature Review 
Prior studies have confirmed the close relationship between innovation and eco-innovation. Kemp and Pearson 
(2008) highlight innovation as the step prior to eco-innovation, and Segarra-Oña et al. (2011) also posit that 
innovation itself is a factor that affects eco-innovation in firms; eco-innovation is measured here by the number 
of registered green patents, as there is previous empirical evidence that patents are a reliable measure of 
innovative activity (Crosby, 2007; Johnstone et al., 2010; Marin, 2014). We may therefore assume that the 
most innovative sectors would also be the most willing to make progress in environmental innovation. 
The competitive advantage generated by environmental proactivity in firms (Porter, 1991; Porter and Van der 
Linde, 1995) can be promoted by environmental legislation encouraging companies to become involved in 
environmental innovation. Indeed, Ghisetti and Rennings (2014), Kammerer (2009) and Kesidou and Demirel 
(2012) identify legislation as a factor of environmental innovation. In this respect, the regulatory framework of 
sectors such as motor vehicles has been found to be one of the main factors in favour of eco-innovation 
(Mondéjar-Jiménez et al., 2015). Horbach et al. (2012) also mention other factors such as the specific 
characteristics of firms, as well as technology and the market. 
Murillo-Luna et al. (2008) identify four types of strategic environmental conduct in firms: passive, compliant 
with legislation, attention to stakeholders and total environmental quality. Stakeholder pressure is thus 
mentioned as a driver for environmental proactivity (Paramanathan 2004).  
On the other hand, some industrial sectors can have a significant impact on the environment owing to the 
technologies that they use, and therefore provide greater opportunities for eco-innovative solutions, as 
mentioned by Przychodzen and Przychodzen (2015), who also maintain that firm size is a factor to be 
considered, as the largest firms perform better than the smallest. 
The firms’ potential access to R&D grows with greater access to resources, and thus small firms are 
handicapped when it comes to green innovations. In this regard, size may be regarded as a structural factor 
(Ariño et al.,  2008; Arundel and Kabla, 1998; Sáez-Martínez et al., 2015; González-Benito et al., 2016). Small 
firms, therefore, face more obstacles when incorporating green concerns into their economic practices, and 
have more difficulty gaining competitive advantages, and, it follows, find it harder to make a profit from 
environmentally-friendly investments (Revell and Rutherfoord, 2003). Despite this, there is evidence of small 
firms pushing forward green initiatives (Revell and Rutherfoord, 2010). 
The assessment of firms’ access to resources must also take into account financial resources. The financing 
problem is linked to the innovation process (Ayyagari et al., 2007), and by extension to eco-innovation, and 
thus firms with greater financing facilities will be more proactive in innovation and, if applicable, eco-
innovation. In this respect, Aragon-Correa and Leyva-de la Hiz (2015) posit that there is a positive relationship 
between the number of green patents and other patents registered by firms, as they are subject to the influence 
of similar factors. 
Financial resource providers want to compensate for the risk associated with environmental investment, as they 
otherwise prefer alternatives with less uncertainty, despite their legitimacy (Gómez-Mejía, 2009). However, 
there is evidence that the socially responsible profile of investment does not have to be perceived as an 
important sacrifice in terms of returns (Ortas et al., 2014), as it contributes to the generation of value either 
through share prices or financial performance (Moneva, 2007). 
The age of firms may be the factor that tilts the balance in favour of innovation, especially environmental 
innovation. Older firms have more public exposure, and their corporate image is more vulnerable to 
reputational risk, which makes them more prone to eco-innovation (Jensen and Roy, 2008). Conversely, young 
firms may be more inclined to innovate in as far as they have more potential to offer solutions to new 
challenges (Díaz-García et al., 2015; Jensen and Roy, 2008). Aragon-Correa and Leyva-de la Hiz (2015), for 
their part, have found no evidence that this variable affects the attitude of towards environmental innovation of 
firms. 
Legislation and regional tax incentives can also aim to favour certain types of environmental conduct by 
creating public financial incentives such as grants, fiscal and/or financial advantages, as well as favouring 
innovation. Also, instruments that may reduce financial risks, which would favour certain socially beneficial 
investments, also exist, and if they solely depend on private financing, this could lead to lower than desirable 
investment levels. As Johnstone and Labonne (2006) and Kammerer (2009) point out, the application of 
environmental regulations also has a significant effect on a firm’s eco-innovation initiatives. 
Some evidence noted in previous studies which examine public grants as favouring innovation (Ghisetti and 
Rennings, 2014), has corroborated the importance of reducing fees and taxes, as this fosters the adoption of 
more sustainable conduct, such as in the energy field or the motor vehicle sector (Sierzchula et al., 2014). 
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The causal relationships between financial variables and environmental innovation activities in firms have 
focused on financial performance, basically measured by share prices or a firm’s profits, as evidenced by its 
financial statements (Cohen et al., 1995). Although the results are not conclusive, there are studies that indicate 
a positive impact (Aragon-Correa et al., 2008; Hart and Ahuja, 1995; Waddock and Graves, 1997; Montabon et 
al., 2007), others that support a negative relationship (Busch and Hoffmann, 2011; Wagner et al., 2002; 
Wagner, 2005) and others which demonstrate that the impact on a firm’s economic performance depends on 
whether the purpose of legislation is to eliminate or reduce negative externalities or to improve the efficiency 
of production processes (Horbach et al., 2012). 
When analysing financial performance, the results are not conclusive, partly due to the use of different 
environmental and financial indicators (Derwall et al., 2005) and the possible interference of variables such as 
sector, leverage or size (Przychodzen and Przychodzen, 2015). 
The relationship between eco-innovative conduct and financial performance is still the subject of debate, 
particularly regarding investment possibilities in settings with high returns, good results and the ability to 
generate surpluses. Potocan et al. (2016) point that economic results affects positively on enterprise’s 
environmental responsiveness. In line with Waddock and Graves (1997), better financial performance provides 
more freedom to invest in more socially responsible projects, such as innovation initiatives in products and 
processes in favour of the environment. According a one revision of previous studies, Sadat et al. (2016) point 
the return on investment as an assessment criteria of technological innovation capabilities. In this respect, we 
should highlight the uncertainty associated with the analysis of cash flows generated by investment in 
innovation in general, and particularly in environmental innovation, as this has an impact on risk structure, 
financing and, finally, financial costs. 
Concerning patents and the geographical scope of our analysis, the Spanish Office of Patents and Trademarks 
(Oficina Española de Patentes y Marcas) plays an active role in promoting the use of Industrial Property Rights 
by Spanish firms – a tool for accessing international markets. National subsidies were regulated in Orden 
IET/940/2013, de 24 de mayo, which aims to foster patents and utility models as a tool to ensure that 
technological property rights at international levels are protected, the competitiveness of those organisations in 
the private sector which are currently seeking markets outside Spain is improved, and finally that the protection 
of the national investments made by SMEs and individual persons, also through patents and utility models, is 
promoted. 
The grants are awarded to patent or utility model applications presented to a patent office abroad or the 
regional offices, within the framework of national or regional-patent or utility-model registration processes. 
The grants also involve the provision of subventions for activities carried out within the framework of 
international and the Spanish protocols (registration and/or search). 
In general, the programme is targeted at facilitating the recovery of the initial costs incurred by official 
registration fees established by the European regulation of the internal market and the de minimis limits – see 
Commission Regulation (EC) nº 1998/2006 of 15 December, on the application of articles 87 and 88 of the 
Treaty to de minimis aid (Official Journal of the European Union, L379, 28-12-2006). 
Specifically, it is worth mentioning that these grants are awarded to SMEs in Spain as a response to the need to 
protect innovation through national and international patents, which is regarded as a crucial factor if firms are 
to be competitive in an increasingly globalised context1. However, it is also worth stressing that no specific 
initiative for creating specific grants for green innovations has yet been launched in Spain. Therefore, patent-
grant policies do not take environmental regulations into consideration, following the criterion that the support 
of green patents belongs to other initiatives for the promotion of green technologies. As a result, all firms, 
regardless of their environmental orientation, can benefit from the grants. 
The analysis of the literature and patent-incentive policies is a firm basis from which to examine some factors 
that are still under discussion in the scholarly debate, such as the size, age and financial performance of green-
patenting firms. On this basis, our main research question is: how does the age, size and financial performance 
of firms contribute to explain their behaviour in terms of eco-innovation, as reflected by their possession of 
green-patents? 
1 The grants are regulated by article 17 of Ley 38/2003, de 17 de noviembre, General de 
Subvenciones, and the associated regulations (passed as Real Decreto 887/2006, de 21 de julio), 
Ley 30/1992, de 26 de noviembre, de Régimen Jurídico de las Administraciones Públicas y del 
Procedimiento Administrativo Común, Ley 47/2003, de 26 de noviembre, General Presupuestaria, 
Ley 11/2007, de 22 de junio, de acceso electrónico de los ciudadanos a los Servicios Públicos, Real 
Decreto 1671/2009, de 6 de noviembre, por el que se desarrolla parcialmente la Ley 11/2007, de 22 
de junio and Commission Regulation (EC) nº 1998/2006 of 15 December, on the application of 
articles 87 and 88 of the Treaty to de minimis aid. 
                                                 
 
Portillo-Tarragona, P.; Scarpellini, S.; Marín-Vinuesa, L.M. (2019). Drivers for eco-innovation in firms: an 
exploratory study in Spain. International Journal of Business and Globalisation, 22 (4), 618-637, DOI: 
10.1504/IJBG.2019.100253 
For the reasons explained above and taking into account the results reached in the previous studies, we posit 
the following research hypotheses: 
Hypothesis 1 (H1): The higher the company size, the more likely it is that, ceteris paribus, the ‘‘eco-innovate 
(green patents)" option will be chosen. 
Hypothesis 2 (H2): The higher the age of company, the more likely it is that, ceteris paribus, the ‘‘eco-innovate 
(green patents)" option will be chosen. 
Hypothesis 3 (H3): The higher the business financial performance, the more likely it is that, ceteris paribus, the 
‘‘eco-innovate (green patents)" option will be chosen. 
In addition to these economic-financial characteristics, other factors that are also under discussion in the 
academic debate are: the Legal structure of firms (Gallego-Bono and Chaves-Avila, 2016), the sector of 
activity (Triguero et al., 2016) and the acces to financial resource Aragon-Correa and Leyva-de la Hiz (2015) 
and the location of firms (Polzin et al., 2016). As we explained below, these factors could contribute to explain 
the eco-innovative behaviour. Therefore our research proposal is directed to examine whether there is a 
relationship of these factors with the choice of having green patents as eco-innovative conduct in firms. To this 
end, four variables: legal structure, sector, listed and location are included as control variables in the empirical 
analysis. 
The legal structure of firms may have an effect on their innovation strategy. Flexible legal structures – such as 
those found in cooperatives – are conducive to more innovation, turning these firms into proactive nexuses in 
the generation of innovation and its dissemination (Gallego-Bono and Chaves-Avila, 2016).  
Those sectors that are more exposed to environmental risks have more incentives to foster environmental 
innovation as a means of managing reputational risk (Power, 2012; Waddock and Graves, 1997). A propensity 
for eco-innovation has also been noted in the most internationally competitive sectors (Aguilera-Caracuel et al., 
2012; Brunnermeier and Cohen, 2003; Triguero et al., 2016). The third variable is related to the location of the 
firm (Polzin et al., 2016; Li et al., 2016; Triguero et al., 2016), as the decentralisation of initiatives in favour of 
eco-innovation has turned some regions into ‘lighthouses’ for eco-innovation (Cooke, 2011). In Spain, policies 
for the promotion of eco-innovation vary from region to region; those regions with a special tax regime, such 
as the Basque Country and Navarre, offer especially generous financial incentives (Miguel et al., 2015). 
Therefore, the location of firms may have a direct effect on their position concerning eco-innovation (Polzin et 
al., 2016). 
The easy access to financial resources favours eco-innovation (Aragon-Correa and Leyva-de la Hiz (2015). 
The greater the ability to access financial markets, the more diverse the channels to access resources will be. 
Spanish firms are highly dependent on bank intermediation (Cardone et al., 2005), which limits their access to 
capital markets and, in consequence, to the number of potential investors, and this also creates barriers to 
financial resources and hampers eco-innovation (Polzin et al., 2016). Similarly, access to the financial markets 




We combined different information sources to study the factors that, from an economic-financial perspective, 
characterise firms which implement eco-innovation.  
The data have been obtained from two sources: the financial data come from the SABI database1, and 
correspond to the last available full year (2013). By contrast, the determination of the eco-innovative nature of 
firms is based on patents related to environmental aspects registered in the Spanish Patent and Trademark 
Office (Oficina Española de Patentes y Marcas - OEPM) by the firms we studied, through the International 
Classification of Patents (ICP), with those corresponding to the codes defined by the United Nations 
Framework Convention on Climate Change (CMNUCC2) being classified as “green or sustainable”. Having 
patents of these characteristics allows us to classify the firms in our sample as innovative, as the firms have at 
least one innovative product or process, according to the sample analysed by Ketata et al. (2015); for the 
purposes of this article, they are unquestionably eco-innovative firms if they have at least one “green or 
sustainable” patent.  
1 Sistema de Análisis de Balances Ibéricos (SABI) [online database]. 2014. Madrid. 
2See http://unfccc.int/portal_espanol/informacion_basica/la_convencion/items/6196.php (consulted 
June 2015). [here and elsewhere – this is more commonly ‘Accessed on/in..’] 
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The sample comprises eco-innovative firms which are primarily located in Navarre and the Basque Country – 
two regions with high eco-innovation rates according to the Eco-Innovation Observatory report for Spain (EIO, 
2013). In this study, Aragon was added to these two autonomous regions because the eco-innovative firms of 
the region have been subject to a previous study (Llera et al., 2013), which helped us to define the variables to 
be analysed in the current article and to narrow down the kind of green patents to be included in the sample. 
Firms with 50 employees or more have been chosen, as smaller firms are considered not to have high potential 
in terms of using eco-innovation or eco-design solutions relevant for our analysis. 
The firms selected were those operating in sectors with the greatest potential for eco-innovation, such as those 
sectors related to the technologies contemplated in “BREFs” or “Best Available Techniques”1, specifically 
industry, transport and logistics and waste, the CNAE 09 codes of which correspond to mining (05-09), 
manufacturing industry (10-33), the supply of electric power, gas, steam and air-conditioning (35), the supply 
of water, drainage activities, waste management and decontamination (36-39), and transport and storage (49-
53). 
After combining the different data sources mentioned above, we obtained a final sample consisting of 883 
observations. Table 1 summarises the final composition of the sample according to legal status, whether the 
firms are listed on a stock exchange, activity sector and location.  
As Table 1 show, most of the firms in the sample are not listed on the Spanish Stock Exchange (98.2% of the 
sample). On the other hand, many of them are public limited companies and private limited companies, 60.7% 
and 34.4%, respectively. There are very few cooperatives and limited partnerships (4.6% and 0.2%). Regarding 
sector, the largest percentage (81.8%) was made up of firms (identified with Spanish CNAE 09 codes) that 
correspond to the manufacturing industry, followed by those industries involved in transport and storage 
(11.7%), power, gas, steam and air-conditioning supply (4.1%), water-supply, drainage, waste management 
and decontamination (1.6%), and mining (0.9%). Regarding location, most of the firms, 56.1% of the total, are 
located in the Basque Country, with firms from Aragon and Navarre representing 24.9% and 19%, 
respectively.  
A description of the green patents is provided in Table 1. As is clear, of the 883 firms in the sample, those with 
green patents (GP) number 83 firms and represent 9.4% of the total, in contrast with the remaining 90.6% of 
firms without such patents (non-GP).  
 
Table 1. Sampling process and sample composition 
Panel A. Sampling process 
  Initial SABI       
Sample 883 875 
            
 Panel B. Composition of the sample        
Legal Structure  (%) Total 
 
GP non-GP 
Cooperative 4.64 41 
 
18 23 
Public Limited Company 60.70 536 
 
41 495 
Limited Partnership 0.23 2 
 
0 2 
Limited Company 34.43 304 
 
24 280 
Observations   883   83 800 
Sector (%) Total 
 
GP non-GP 
Mining 0.91 8 
 
1 7 
Manufacturing 81.77 722 
 
68 654 
Energy 4.08 36 
 
11 25 
1 See http://www.prtr-es.es/documentos/documentos-mejores-tecnicas-disponibles (accessed on 
June 2015). 
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Water  supply 1.59 14 
 
2 12 
Transport and storage 11.66 103 
 
1 102 
Observations   883   83 800 
Regions (%) Total 
 
GP non-GP 
Aragon 24.92 220 
 
9 211 
Navarre 19.03 168 
 
22 146 
Basque Country 56.06 495 
 
52 443 
Observations   883   83 800 
Shares (%) Total 
 
GP non-GP 
Traded on stock exchange 1.81 16 
 
1 15 
Not traded 98.19 867   82 785 




The contrast model states, as a dependent variable, that “the existence of patents related to environmental 
technologies, or green patents (Eco-innovation)” is a dichotomous variable which takes value 1 when the firm 
has green patent and 0 when firm has not a green patent. As with the theoretical framework, in the empirical 
model we are going to deal with the propensity to eco-innovate with regard to the factors involved in the 
process. 
Eco-innovation = f (age, size, financial performance, sector, legal structure, location, listed) 
Bearing in mind the nature of the dependent variable, we specify a binomial logit model. This technique is 
appropriate for a dichotomous dependent variable such as Eco-innovation (Maddala, 1983). The basic structure 



























  (1) 
where:  
Yj =1 if the firm has green patents and Yj =0 otherwise 
X1j X2j X3j X4j X5j X6j, X7j =Xj, stands for the seven factors described above for firm j and P [Yj=1Xj] is the 
likelihood of the jth firm having green patents. 
Unlike traditional regression coefficients, logit coefficients cannot be interpreted directly as estimates of the 
magnitude of the marginal effects of changes in the explanatory variables on the expected value of the 
dependent variable. Therefore, to interpret the sensitivity of the likelihood of eco-innovation with respect to 
explanatory variables, we also report marginal effects. 
The instantaneous rate of change of the likelihood of Eco-innovation with regards to a variable Xij is (John and 
Nelson, 1984): 















The variables were operationalized with a set of items from their conceptual definitions and the relevant 
literature. 
Dependent or explained variable: 
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Eco-innovation is the variable that indicates if firm has or not has green patents (Teirlinck and Spithoven 
2013). An objective way of measuring the eco-innovation variable would be by ascertaining the existence of 
environmental patents held by the firm (Oltra et al., 2009). As patents influence innovation (Segarra-Oña et al., 
2011), environmental patents can also affect eco-innovative conduct. Along these lines, different studies such 
as those by Wagner (2007), Johnstone et al. (2010) and Marin (2014) use patent data to analyse environmental 
innovation; not all firms decide to use patents to protect their innovations, and these patents may not cover the 
entire process and their use can vary by sector. 
Independent and control  variables: 
Age, variable measured with the number of years between the firm’s establishment and 31 December, 2013.  
Size, variable measured by the number of workers in the firm in 2013. 
Financial performance. This variable has been quantified on the basis of the firm’s financial returns in 2013, 
which are calculated as the ratio between the net income divided by common equity. Financial performance as 
a cause of innovative conduct is measured using financial returns, as in Wagner (2005) and Przychodzen and 
Przychodzen (2015). 
Sector, is the sector to which the firm belongs. We have considered five sectors: mining, manufacturing, 
energy, water supply, transport and storage. 
Legal Structure, we have considered: Cooperative, Public Limited Company, Limited Partnership and Limited 
Company. 
Location, is the location of firm. We have considered: Aragon, Navarre and Basque Country. 
Listed, is the variable that indicates if firm is listed on stock exchange or not listed on stock exchange. 
4 Results  
A preliminary analysis was conducted to determine the relationships between pairs of independent and 
dependent variables. Table 2 summarises the relationships between legal status, companies which are listed on 
the stock exchange, activity classification and autonomous region and the eco-innovation variable. The 
proportion of firms with green patents varies according to firms’ legal status, location and CNAE 09 activity 
code. Except the variable for those listed on a stock exchange, for all analysed variables the differences found 
in the proportions between firms with and without green patents are statistically significant in Pearson’s χ2 test.  
 
Table 2. Relation between Green patents and legal structure/sector/regions 
  Total   GP   non-GP       
  n   n % 
 
n % 
   Legal Structure          
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Pearson´s   p-value 







Observations 883   83 9.40   800 90.60       
Sector Total   n %   n % 
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Regions Total   n %   n % 
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Observations 883   83 9.40   800 90.60      
Shares Total   n %   n % 














Pearson´s   p-value 
Observations 883   83 9.40   800 90.60  0.19 0.66 
Note: GP= firms with green patents, non-GP= firms without green patents.  
 
 
Regarding legal status, the results indicate greater interest in registering green patents in cooperatives: 43.9% 
of them have green patents, compared to public limited companies (7.65%), private limited companies (7.9%) 
or limited partnerships (0%). Regarding sector, the highest percentages of firms with green patents was made 
up of those firms that supply electricity, gas, steam and air-conditioning (30.56%), compared to firms involved 
in water supply, drainage, waste management and decontamination (14.3%), mining (12.5%), manufacture 
(9.42%) and transport and storage (1%). It is also significant that firms located in Navarre and the Basque 
Country have a greater interest in registering green patents. Indeed, 13% and 10% of the firms in Navarre and 
the Basque Country, respectively, have green patents, compared with Aragon (4.09%). 
Regarding the listed on a stock exchange variable, the differences found in the proportions between firms with 
and without green patents were not statistically significant according to the Pearson’s χ2 test. 
Table 3 summarises the descriptive statistics of the variables: age, size, financial performance for the total 
sample (panel A) and presents the mean values for each of the two groups that define the eco-innovation-
dependent variable1, meaning the group of firms that have green patents and those that do not (panel B). In the 
group of firms with green patent (GP), the mean value of each independent variable is greater than that found 
in the group of firms without such patents (non-GP).  
 
Table 3. Results of ANOVA  
Panel A.  
Descriptive statistics for total sample 
 
Panel B.  









 GP vs non-GP 
 

























Performance  -860 880.31 1.59 65.57   17.53   -0.08   5.440 0.020 
Note: Mean values of the variables by groups of GP and non-GP companies. ANOVA test for 
differences of the means. 
1 Of the 883 firms in the sample, 83 have green patents and 800 do not. However, for the variables 
size, age and financial performance there are less available data. For size: n=882 (total), n=82 (GP) 
and n=800 (NGP), for age: n=883 (total), n=83 (GP) and n=800 (non-GP) and for financial 
performance: n=878 (total), n=83 (GP) and n=795 (non-GP). Considering the missing data, the 
logit analysis was performed with 875 valid data. 
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As was mentioned earlier, a binomial logit model is used to analyse the 
determinants of Eco-innovation. The results of estimating the logit model 
are summarised in Table 4.  
 
Table 4. Results of logistic Regression 
 Coefficient Marginal effect 
Age  0.017 ** 0.001 ** 
Size  0.911 *** 0.044 *** 
Financial Performance  0.003 ** 0.001 ** 
Aragon -0.690  -0.029 
Navarre 0.381 0.021 
Public Limited Company -1.750 *** -0.109 *** 
Limited Company -1.320 *** -0.056 *** 
Mining -0.789 -0.027 
Manufacturing -1.390 *** -0.104 *** 
Water  supply -0.643 -0.023 
Transport and storage -3.460 *** -0.072 *** 
Traded on stock exchange -2.487 -0.048 
McFadden´s Adj R2  29.00%  
Likelihood ratio Test -208.97116  
Hosmer and Lemeshow Test        p=0.857  
Predicte capacity 91.89%  
Sensitivity 24.39%  
Specificity 98.87%  
Note: Marginal effects are computed at the sample means. Sensitivity: % 
of observations correctly predicted as 1; specificity: % of observations 
correctly predicted as 0. 
 
The model present satisfactory indicators of overall significance, with chi-squared values corresponding to 
levels of significance lower than 0.001. The percentage of correctly classified cases by the estimated functions 
is 91.89%. The values of sensitivity (proportion of observations correctly predicted as 1) and specificity 
(proportion of observations correctly predicted as 0) statistics are acceptable. The model’s good fit is also 
confirmed by the results of the Hosmer and Lemeshow test (χ2(8)=4.00 sig=0.8570), which demonstrates that 
there are no significant differences between the observed and predicted values. Thus, the model appears to 
have good predictive power. Likewise, these models have reasonably good explanatory power, as shown by 
their pseudo-adjusted R2 value (29.04%). 
The findings in this model are consistent with the predictions about relationships between economic-financial 
characteristics and eco-innovation in firms. Table 4 shows that the results for the size, firm age and financial 
performance support the predictions given by H1, H2 and H3. The coefficients of the three explanatory 
variables: size, firm age and financial performance are positive and significant at signification level of 0.01, 
0.05 and 0.05, respectively. Therefore, these variables are considered significant when estimating the 
behaviour of the eco-innovation-dependent variable, at the specified level of significance. The results show that 
the choice to register green patents is related to firm size, and it is also related to the firm’s age. On the other 
hand, we also find in the analysed data that better financial performance has a positive effect on the choice to 
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register green patents. The rest of positive and significant coefficients indicate that the sector of activity and the 
legal structure of firms are related with the choice of having, or not having, green patents to protect the 
innovations. 
5 Conclusions 
The utilisation of eco-innovation and its contribution to growing competitiveness in firms means that there is 
increasing interest in learning about the processes involved in implementing eco-innovative conduct, as it is 
considered a factor associated with success in the near future for all firms. 
The results obtained in this study tell us more about the characteristics of firms that implement eco-innovation 
in Spain regions, which is helpful if we are to define the factors related to eco-innovation in firms. In 
particular, this study provides an economic-financial analysis of firms belonging to the sectors with more 
opportunities for eco-innovation, and the main explanatory variables in sectors with patented eco-innovation.  
The results indicate that age, size and financial performance variables are significant as determinants of eco-
innovation, thus providing a description of the determinants of the most eco-innovative businesses in the 
studied regions.  Moreover, the adoption of eco-innovative conduct in firms varies according to legal status, 
activity classification and autonomous region.  
Although patents registered by firms cannot be used in general to determine their eco-innovative nature, as 
proactivity in eco-innovation may involve actions other than protecting industrial property, and it can vary by 
sector, this variable enables us to objectively classify firms that have developed eco-innovative measures. 
The main contribution of this economic-financial analysis of eco-innovative firms is summarised in the use of a 
set of variables and the firms’ classification using a specific analysis of their environmental patents. The results 
are of interest for both academics and practitioners, as well as for policy-makers, as we have identified the 
determinants of eco-innovative conduct in firms. Another potential implication for practitioners is related to the 
analysis of green patents registered by competitors. 
The results obtained provide a basis for the development of environmental-sustainability strategies that guide 
business activities, as environmental sustainability is considered one of the main factors for the future success 
of firms. 
This paper has also some policy implications. If green patents registration is related to the barriers still in place 
for eco-innovation in firms, we may suggest that possible grants and regional incentives that aim to encourage 
investment in sustainable innovation should be directed at reducing the difficulties involved in implementing 
eco-innovation that are related to age, legal status and financial performance, by establishing specific 
incentives. 
Green patents are a clear-cut expression of eco-innovation, and it is therefore desirable to implement policies 
which help to overcome the main obstacles in the way of green patents at European and international levels. It 
seems also natural that green patents are given priority over generic patents. 
Our analysis suggests that promotion programmes are a great opportunity for firms to protect their inventions 
according to the European laws of free competition and internationalisation. Firms face an additional difficulty 
concerning the competitive advantages offered by industrial property in general and the protection of their own 
inventions in particular: misinformation. This justifies the concession of grants to promote the protection of 
industrial property and to increase the number of firms registering their innovations. 
These policies, however, should be reoriented in order to increase the total number of green patents throughout 
the regions, regardless of the size of the firms. This study highlights the fact that larger and older firms are 
more prone to registering green patents. The environmentally friendly nature of these patents, which defines 
the firms as eco-innovative, may be considered a good criterion for the assimilation of grants geared towards 
the protection of industrial property and also towards the promotion of eco-innovation, increasing both the 
number of patents and of firms involved in patenting.  
 
Although this study has certain limitations, related to sample size and geographic location, it was possible to 
suggest various lines of research which are of interest; and we should delve deeper into our analysis by 
increasing both the study variables and the information linked to eco-innovative processes in firms and the 
environmental patents resulting from eco-innovation investment. 
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